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Abstract 
Thermal comfort and energy consumption is becoming more and more important in the building sector, including urban 
residential houses. Space cooling and heating plays an important part in the total energy use of residential houses, and it has 
direct influence on indoor environment. Therefore, in this study, field measurement and questionnaire survey were conducted to 
some typical residential houses located in three residential blocks in Beijing, in order to understand the real situation of thermal 
environment and energy consumption of these house-holds during cooling and heating seasons. Through comparative analyses, 
the real effects and discrepancies of different forms of heating and cooling are identified. It is found that decentralized air-
conditioning (AC) for cooling and household gas stove for heating have better adjustability and energy-saving effects than the 
centralized systems. 
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1. Introduction 
Energy consumption of residential buildings plays an important part in total energy consumption of the society, 
and indoor thermal comfort has been an important indicator for living conditions of urban residents. In 2011, the 
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largest energy consumer in China’s urban residential buildings is space heating, accounting for 78% of the total 
building energy consumption, while air conditioning accounts for 10% [5]. Therefore, it is urgent to study energy 
consumption and thermal comfort of residential buildings, especially in the aspects of space heating and cooling [2]. 
In this field, most existing studies are based on large samples of questionnaires, which focus on basic information 
and thermal sensation vote, or based on field test at a certain time, while the long-term measured indoor environment 
data are not involved [1]. Besides, some scholars have conducted investigations in various conditions, indicating that 
the forms of heating, ventilating and air-conditioning (HVAC) and occupant behavior can greatly influence the 
indoor environment and energy consumption of residential houses [3]. Therefore, based on field test and 
questionnaire survey, long-term measured thermal environment, energy consumption and relevant information of 
some households in Beijing are analyzed in this study, in order to understand the real situation of space cooling and 
heating in urban residential houses, especially the real effects of different HVAC types. 
2. Methods 
In this study, 32 households from three typical residential blocks in Beijing, namely A, B, and C, were selected 
for analysis. All of three blocks show similar thermal properties for building envelope and outdoor air condition 
according to official data from developers, observation records and the close location to each other. Detailed 
investigation was conducted for each household. First of all, hourly indoor air temperature was monitored from 
December 2012 to May 2014, with self-recording thermographs placed in major spaces including southern bed-
room, northern bedroom and living room. Meanwhile, seasonal energy consumption data were recorded by the 
residents, while the on-off status of the windows were also roughly recorded by field observation. Besides, the 
questionnaire survey was conducted to collect relevant information of these households, including basic information 
like floor area and number of residents, thermal environment evaluation, occupant behavior, HVAC type and so on.  
Since the focus of this study is the thermal environment and energy consumption during cooling season and 
heating season, the forms of HVAC for the households in these three blocks are presented in Table 1, involving heat 
sources, terminals and charge modes for space heating and AC types for space cooling. Particularly, the households 
in B adopt decentralized system for both cooling and heating, while those in A and C are served by district heating 
and adopt variable refrigerant flow (VRF) for cooling. It should be noted that the AC terminal of each room can be 
adjusted in the houses of A, while that of C cannot. Providing the different HVAC types, data analyses is conducted 
at three levels: 1) comparison of thermal environment and energy consumption between different residential blocks; 
2) comparison of thermal environment and energy consumption between different households within a same 
residential block; 3) real-time variation of indoor air temperature in a typical household, as well as the discrepancy 
between its different rooms. 
 





Heat source Terminal Charge mode 
A District heating Radiant floor By floor area Semi-centralized AC 
B Household gas stove Radiator By gas meter Decentralized AC 
C District heating Radiator By floor area Centralized AC 
 
3. Results and discussion 
3.1. Comparative analysis of different households in summer 
Due to various reasons, there is a lack of valid and complete energy consumption data for some households. 
Electricity consumption of some households in A and B are shown in Fig.1 (X-(X)-X denotes Building-(Unit)-
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Room), while there are no valid records for C households. According to the questionnaire survey, the floor area of 
the households in A range from 140m2 to 210m2, while those in B are within 100~140m2. Taking relatively rough 
floor area data into consideration, the energy use intensity (kWh/m2) of A households are still much higher than B 
households, indicating that semi-centralized AC consumes much more energy than decentralized AC. Though 
lacking real data, it can be inferred that C households, which adopt centralized AC without terminal adjustment, 
might probably consume even more electricity during the same time period. 
 
  
Fig. 1. Electricity consumption of some households during Jun ~ Oct. 
Thermal environment is greatly influenced by the inherent features of AC forms as well as occupant behaviors, 
including the control strategy of AC, electric fans and windows. As mentioned before, the AC in A and B can be 
adjusted individually at the terminal of each room, while those in C cannot. Therefore, three typical households, A6-
305, B10-1-501 and C2-2-902, are selected for hourly variation analysis of thermal environment and the comparison 
between different AC forms. The temperature set points of AC all center on approximately 26 ć depending on 
different demand. Fig 2-Fig 4 show the temperature variation of each room in the typical household in late July, for 
each block respectively.  
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Fig. 2. Temperature of A6-305 in late July. 
 
Fig. 3. Temperature of B10-1-501 in late July. 
 
Fig. 4. Temperature of C2-2-902 in late July. 
In general, the temperature in C2-2-902 appears to be more stable than the other two households. Specifically, the 
temperature of its three rooms are close to each other, and the temperature variation is mild, except the temperature 
rise in southern bedroom due to the influence of solar radiation during daytime. On the other hand, since the AC can 
be individually controlled or adjusted in each room in A and B, the discrepancy between rooms is apparent. Though 
the temperature set point and the floor area of the three households are quite similar, the centralized AC system 
shows a clear pattern of "full time, full space" controlled thermal environment, while the decentralized AC shows 
the "part time, part space" pattern [4]. In fact, there is no point in creating a constant temperature indoor 
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environment for residential houses. Therefore, considering energy efficiency, adjustability and thermal environment, 
decentralized AC is better than centralized AC. Further, the more decentralized, the more energy efficient. 
In addition, different from the living room and northern bedroom, the temperature in the southern bedroom in 
A6-305 declined substantially at night, even lower than the outdoor temperature, and rose in the day. Therefore, it 
can be indicated that the residents of the households might have different thermal sensation and demand, and only 
the AC in southern bedroom was turned on at bedtime. According to questionnaire survey and window status 
observation, the windows of this household are usually open in summer, indicating that the residents are conscious 
of energy saving. Though, even more energy can be saved if natural ventilation can be made good use of. For 
instance, at proper times like Jul 26, when outdoor temperature is lower than indoor temperature, windows should be 
kept open during daytime to cool down the house at low cost. 
3.2. Comparative analysis of different households in winter 
In heating season, the households in A and C are served by district heating and charged by floor area, while those 
in B adopt individual gas stove for heating and thus charged by gas meter. According to the questionnaire survey, 
heating cost of most households are valid and shown in Fig.5. Same as cooling season analysis, even though the 
floor area is taken into account, the households in B still pay the lowest heating fee. Besides, the heating cost of the 
households within B can be quite different, and it can be very low for some households, probably because the 
residents have stronger saving awareness and turn on the stove only when necessary. Therefore, household gas stove 
for space heating is more economical than district heating charged by floor area. 
 
 
Fig. 5. Heating cost of some households in heating season. 
Fig 6-Fig 8 show the average indoor air temperature variation of each household in January, for each block 
respectively. Each data point refers to the hourly average temperature of the three rooms in a household. It can be 
calculated that C has the highest average temperature (22.9ć), followed by B (20.9ć), while A is the lowest 
(20.5ć). As for temperature variation, the standard deviation of the all data points is 2.314 in A, 2.212 in B and 
3.203 in C.  
Specifically, the temperature of most households in B is in the range of comfort standards and the difference 
between them is quite small, except that of 10-1-201, which might be invalid due to sensor fault. In terms of A, 
though the temperature variation over time within a household is relatively small, the inter-household difference is 
obvious. As for C, both the variation over time and the inter-household difference are large, and the average 
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temperature of some households are much higher than standard value. It reflects that household gas stove can avoid 
the imbalance problem caused by the district heating system and perform well in terms of indoor thermal 
environment, while radiant floor can lead to more stable and comfortable indoor environment than traditional 
radiator. 
 
Fig. 6. Temperature of all households in A in January. 
 
Fig. 7. Temperature of all households in B in January. 
2147 Qinzi Luo et al. /  Procedia Engineering  121 ( 2015 )  2141 – 2148 
 
Fig. 8. Temperature of all households in C in January. 
4. Conclusions 
Based on the field measurements and questionnaire survey conducted to some residential households in Beijing, 
the real situation of thermal environment and energy consumption during cooling and heating seasons is analyzed in 
this paper. It can be concluded that the form of space heating and cooling system is a key element to determine the 
indoor environment and energy consumption in urban residential houses.  
In respect of space cooling in summer, it is clear to see the "full time, full space" pattern of centralized AC and 
the "part time, part space" pattern of decentralized AC with the different temperature conditions and features inside 
the room. Therefore, decentralized AC shows better adjustability and energy-saving effects than centralized AC, and 
the more decentralized, the more energy efficient. 
With respect to space heating in winter, household gas stove is more economical than district heating charged by 
floor area, and can avoid the imbalance problem caused by the district heating system and create better indoor 
thermal environment. Besides, radiant floor can lead to more stable and comfortable indoor environment than 
traditional radiator. 
Acknowledgements 
This study is supported by the National Natural Science Foundation of China (NSFC No. 51178238). The authors 
appreciate the great contributions made by other team members, including Dan Mo, Muzhou Wang, Ting Cai, 




[1] S. Chen, H. Yoshino, N. Li, Statistical analyses on summer energy consumption characteristics of residential buildings in some cities of China, 
Energ. Buildings. 42(1) (2010) 136-146. 
[2] S. Chen, N. Li, J. Guan, Y. Xie, F. Sun, J. Ni, A statistical method to investigate national energy consumption in the residential building 
sector of China, Energ. Buildings. 40(4) (2008) 654-665. 
2148   Qinzi Luo et al. /  Procedia Engineering  121 ( 2015 )  2141 – 2148 
[3] A. F. Emery and C. J. Kippenhan, A long term study of residential home heating consumption and the effect of occupant behavior on homes 
in the Pacific Northwest constructed according to improved thermal standards, Energy. 31(5) (2006) 677-693. 
[4] Tsinghua University, B. E. R. C, 2008 Annual Report on China Building Energy Efficiency, 2008. 
[5] Q. F. Wang, Y. L. Wang, Li D., N. Wang, Research on Energy Consumption Tread of Residential Building in Beijing Based on Energy Audit. 
Applied Mechanics and Materials, (2012) 174-177, 2057-2060. 
 
